Abstract Drug discovery and development is a complex, high risk, time consuming and potentially highly rewarding process. Pharmaceutical companies literally burn millions of dollar per drug to bring it to the market. The development of a new drug requires a technological expertise, human resources and huge capital investment. It also requires strict adherence to regulations on testing and manufacturing standards before a new drug comes into market and can be used in the general population, in fact, some time it fails to come into market. All these factors just increase the cost for a new chemical entity research and development. Two branches which made positive impact on drug designing process and reduce the overall cost and risk are Bioinformatics and Pharmacogenomics. Their practice in drug designing process made positive effect on overall process and they can accelerate various steps of drug designing, and reduce the cost and over all time. Current note focusses on the role of bioinformatics and pharmacogenomics in drug discovery and development process.
Bioinformatics and drug discovery
Drug discovery is the step-by-step process by which new candidate drugs are discovered. Traditionally, pharmaceutical companies follow well-established pharmacology and chemistry-based drug discovery approaches, and face various difficulties in finding new drugs (Iskar et al. 2012 ). In the highly competitive ''winner takes all'' pharmaceutical industry, the first company to patent a new chemical entity (NCE i.e., new drug candidate) for a specific treatment takes all the spoils, leaving other competitors to mostly wait for patent expirations to partake in the largesse (Iskar et al. 2012) . Nowadays, therefore, Pharmaceutical companies invest heavily in all those approaches that show potential to accelerate any phase of the drug development process (Whittaker 2003) . The increasing pressure to generate more and more drugs in a short period of time with low risk has resulted in remarkable interest in bioinformatics (Ortega et al. 2012) . In fact, now there is an existence of new, separate field, known as computer-aided drug design (CADD), (Song et al. 2009 ; Speck-Planche and Cordeiro 2013).
Drug target identification
One of the major thrusts of current bioinformatics approaches is the prediction and identification of biologically active candidates (Whittaker 2003) , and mining and storage of related information (Table 1) . Drugs are usually only developed when the particular drug target for those drugs' actions have been identified and studied. The number of potential targets for drug discovery process is increasing exponentially. Mining and warehousing of the human genome sequence using bioinformatics has helped to define and classify the nucleotide compositions of those genes, which are responsible for the coding of target proteins, in addition to identifying new targets that offer more potential for new drugs (Chen and Chen 2008; Katara et al. 2011) . This is an area where the human genome information is expected to play a master role (Yamanishi et al. 2010) . Drug developers are presented with an unaccustomed luxury of choice as more genes are identified and the drug discovery cycle becomes more data-intensive (Loh and Soong 2011) . Bioinformatics allows the identification and analysis of more and more biological drug targets; thus expected to greatly increase the breath of potential drugs in the pipelines of pharmaceutical companies (Whittaker 2003; Ortega et al. 2012 ).
Drug target validation
Bioinformatics also provides strategies and algorithm to predict new drug targets and to store and manage available drug target information. After the discovery of ''potential'' drug targets, there is an inappreciable need to establish a strong association between a putative target and disease of interest (Yamanishi et al. 2010) . The establishment of such a key association provides justification for the drug development process. This process, known as target validation, is an area where bioinformatics is playing a significant role (Fig. 1) . Drug target validation helps to moderate the potential for failure in the clinical testing and approval phases (Ratti and Trist 2001; Gilbert et al. 2003; Whittaker 2003 ).
Cost reduction
The current high cost of drug discovery and development is a major cause for concern among pharmaceutical companies (Dickson and Gagnon 2004a, b; Adams and Brantner 2010) . Along with increasing productivity, pharmaceutical companies also aim to reduce the high failure rate in the drug discovery process so that increased number of drugs able to hit the market (Tsaioun et al. 2009 ). The high cost of various phase of clinical trials acts as limiting factors for number of drugs, which can be developed by pharmaceutical companies, and hence selecting the compounds with the best chances for approval is critical (Klein and Tabarrok 2003; Wierenga and Eaton 2004; Tamimi and Ellis 2009) . The costs of drug discovery and developmentgenerally include total costs from discovery to approval (Klein and Tabarrok 2003; Wierenga and Eaton 2004; Adams and Brantner 2010) though some studies have included the costs of failed drugs and the costs for commercialization (Gilbert et al. 2003) . There is also a cost associated with the elongated process, beginning from discovery all the way to final approval (Klein and Tabarrok 2003; Tamimi and Ellis 2009) . Advances in bioinformatics accelerate drug discovery process, beginning with drug target identification and validation (viz., Docking), to assay development, and virtual-high-throughput screening (v-HTS)-all with the goal of identifying new potential chemical entities.
Bioinformatics provides more efficient target discovery and validation approaches, thus help to ensure that more drug candidates are successful during the approval process and making it more cost-effective (Ortega et al. 2012 ).
Promote novel/new drug development
There are some collateral costs that bother the pharmaceutical industry (Collier 2009 ). These costs include commercialization costs (Gilbert et al. 2003; Mullin 2003; Liang and Mackey 2011) , litigation and drug-recall costs (Klein and Tabarrok 2003) , and general costs to society (Lazarou et al. 1998; Rawlins 2004) . Commercialization costs for new drug to be about $250 million per approved drugs (Gilbert et al. 2003; Dickson and Gagnon 2004a, b) , are high mainly because most ''new'' drugs approved are The DrugBank database is a blended bioinformatics and chemo informatics resource that combines detailed drug (i.e., chemical, pharmacological and pharmaceutical) data with comprehensive drug target (i.e., sequence, structure, and pathway) information 2 Therapeutic target DB (Zhu et al. 2012) The therapeutic target database (TTD) is a drug database designed to provide information about the known therapeutic protein and nucleic acid targets described in the literature, the targeted disease conditions, the pathway information and the corresponding drugs/ligands directed at each of these targets 3 STITCH (Kuhn et al. 2010) STITCH ('search tool for interactions of chemicals') is a searchable database that integrates information about interactions from metabolic pathways, crystal structures, binding experiments and drug-target relationships. Text mining and chemical structure similarity is used to predict relations between chemicals. Each proposed interaction can be traced back to the original data sources 4 SuperTarget (Hecker et al. 2012) SuperTarget is a database that contains a core dataset of about 7,300 drug-target relations of which 4,900 interactions have been subjected to a more extensive manual annotation effort. SuperTarget provides tools for 2D drug screening and sequence comparison of the targets essentially functional replicas of drugs that already exist. Most of the copycat drugs are being commercialized to handle the illness for which there are drugs already; thus, there is a need of interface that can attract the attention of both physicians and patients who already have access to similar medication (Meyers and Baker 2001) . Bioinformatics can act as proper interface, and provides new approaches and opportunities to pharmaceutical companies to efficiently discover potential drug targets and develop novel drugs (Whittaker 2003) . If drugs are not commercialized in competition with already existing equivalents, their commercialization costs are expected to fall significantly (Meyers and Baker 2001; Simoens 2011; Liang and Mackey 2011 ).
Barriers to bioinformatics progress in drug design process
Bioinformatics efforts did not make any impeccable changes in the drug discovery and development process. This may be because the practice of bioinformatics is relatively new and has only attained prominence in the years following the partial completion of the Human Genome Project (Lindpaintner 2002) . Till now, bioinformatics has not made any considerable impact, as projected earlier, on the cost of drugs. The pharmaceutical industry continues to witness rising costs and withdrawals of drugs from the market after they had been approved and commercialized-because of multiple documented cases of adverse drug reactions (Shin 2012) . It has been observed that several pharmaceutical industries are facing drug discovery and developmentrelated challenges. These challenges range from high cost of drug discovery to the lengthy and risky trials and approval process, and some time, withdrawal of previously approved drugs from the market and the innovation gap resulting from the dogged quest for blockbuster drugs (Papanikolaw 1999; Gilbert et al. 2003; Klein and Tabarrok 2003; Iskar et al. 2012) . Bioinformatics was widely projected to strengthen the identification of drug targets (Zemlo 2004; Katara et al. 2011) . The fact that these problems remain mostly unsolved, despite significant bioinformatics investments, is an indication of a larger problem (Blundell et al. 2006; Dhaliwal and Chen 2009; Du and Huang 2012) .
Pharmacogenomics in drug discovery and development
Pharmacogenomics refers to the effects of genetic polymorphism and genomic variants on drug response, its knowledge can help in selection of the optimal drug, dose, and treatment process and avoid adverse drug reactions (Amstutz and Carleton 2011) . The knowledge of diseaselinked genetic biomarkers guides pharmaceutical companies to design pharmacogenomics-based, more précised and individualized drug and dosages (Liou et al. 2012 ). This is accomplished by observing genetic patterns and polymorphism of those genetic elements, which show interaction with drugs or its by-products and somehow relate with drugs pharmacokinetics of pharmacodynamics (Bernard 2003; Whittaker 2003; Liou et al. 2012) . Adverse drug reactions have been reported as one of the leading causes of death among hospitalized patients, contributing the majority of the $17 to $29 billion annual costs Fig. 1 The role of bioinformatics in various stages of drug discovery process of medical errors (Lazarou et al. 1998; Rawlins 2004; Prows and Prows 2004) . Adverse drug reactions are also reported as the factor behind loss of confidence in the healthcare system and the diminishing satisfaction of both patients and health professionals (Becquemont 2009 ).
Personalized/effective medication
Pharmacogenomics approach enables pharmaceutical companies to design drugs that satisfied the requirements of particular genetic sub-groups of the general population (Nelson et al. 2009 ). The main interest of pharmacogenomics is to identify patients for whom drug efficacy can be predicted, and to reduce risk of adverse drugs effects (Nelson et al. 2009 ). The promise of pharmacogenomic approaches to prescribe drugs on the basis of their patients' genetic profiles is termed as 'Personalized medicine'. This would reduce the speculation in drug prescriptions and thus increase the confidence of both physician and patient, and modify the predominating approaches to drug discovery and development, diagnostics, therapies and disease prevention strategies (Prows and Prows 2004; Zemlo 2004) . There is also a benefit to society as the use of expensive drugs is avoided in patients whose disorders would not have been cured by these drugs (Gomase et al. 2008; Nelson et al. 2009 ). Bioinformatics also provides the pharmacogenomics-related information resources (Thorn et al. 2010) , which contains information about the different types of polymorphism (i.e., SNP in CYP family genes) and resulted variable drug response (Table 2) .
Various drugs are reported to show adverse drug reactions (ADR), which often result in hospitalizations and in some cases fatalities (Lazarou et al. 1998; Rawlins 2004; Prows and Prows 2004) . The investigations of such lethal drug reaction are resulting in the withdrawal of the culprit drug from the market (Bernard 2003) . This is immediately followed by a series of lawsuits and grievance for pharmaceutical malpractice. A pharmacogenomic approach for drug development strategy presents an opportunity to reverse this trend. The promise of pharmacogenomics may lead to the ''development of personalized precision-pharmaceuticals''. Personalized precision-pharmaceuticals refer to drugs (and dosages of these drugs) that are tailored to an individual's genetic composition (Bernard 2003; Zemlo 2004) . These précised drugs can be evaluated in short and simplified clinical trials and will show little or no adverse effects (Zemlo 2004) . Genetic verification and testing prior to drug prescription greatly reduce the chances for wrong prescriptions (Bernard 2003; Crews et al. 2012 ).
Revive orphan drug
In the process of drug discovery and development, pharmaceutical companies stay mostly focused on the major drugs that are prescribed to upwards of 20 million people, such drugs are known as Blockbuster drugs. The result of this is a loss of drug that may have been developed to cure diseases that affect only a small number of people (Klein and Tabarrok 2003) . These drugs-or potential drugs are known as abandoned or orphaned drugs (Klein and Tabarrok 2003) . A pharmacogenomic strategy to drug development may revive these orphaned drugs if it can be demonstrated that there are potential beneficiaries for these drugs (Bernard 2003; Maher and Haffner 2006; Simoens 2011) . From a business point of view, if the pharmaceutical company could benefit from something like orphan drug status for its product, this would help encourage stratification of populations on the basis of pharmacogenomics, since the reduction in the size of a population to be treated could be compensated by preference for the drug. This is the only way that pharmaceutical companies can be encouraged to give up the blockbuster dogma (Nelson et al. 2009; Simoens 2011) . In recent years, various International food and drug authorities have recognized the potential of pharmacogenomics and encouraged such approaches to drug discovery and delivery process (Rioux 2000; Liou et al. 2012) . As pharmacogenomic technologies continue to emerge and mature, the international regulatory bodies develop pharmacogenomic guidelines and regulations. Nevertheless, the increased attention and the documented potential and promise of pharmacogenomics-based drug development strategies, there has been continuous resistance to this approach on the part of pharmaceutical companies (Bernard 2003; Liou et al. 2012) . The reason behind such resistance is the perception that a pharmacogenomics strategy will lead to a significant loss of revenue resulting from the fragmentation of the drug market. Alongside, such perception is ejected and just considered as 'myth' by some workers, they reported that a pharmacogenomic strategy has the potential to increase drug market size, depending on variety of factors (Bernard 2003) .
Barriers to pharmacogenomics progress in drug designing and development
Pharmacogenomics is based on genomic variations specifically in coding or near to coding regions. It is very difficult to predict gene variations that affect drug response. Single nucleotide polymorphisms (SNPs) play a major role in variable drug response. SNPs occur every 100-300 bases along the three-billion-base human genome; therefore, millions of SNPs must be identified and analyzed to determine their involvement (if any) in drug response (Laing et al. 2011) . Limited awareness and knowledge toward the relationship between gene variants and variable drug response also act as limiting factor to implicate pharmacogenomics-based drug design and delivery process. Since many genes are likely to influence responses, obtaining the big picture on the impact of gene variations is highly time consuming and complicated, and for such purpose, we need genetic profile of each individual, which not seems possible in near future (Vanakker and De Paepe 2013) . Doctors also need to execute an extra diagnostic step to determine which drug is best suited to each patient. To interpret the diagnostic accurately and recommend the best course of treatment for each patient, all prescribing physicians, regardless of specialty, will need a better understanding of genetics (Ginsburg and Willard 2009; Becquemont et al. 2011) . Several ethical considerations also need to be made prior to routine clinical implementation of pharmacogenomics (Haga and Burke 2011) . At the same time, the economics of pharmacogenomic testing from the perspective of patients, clinicians, insurance companies, governments, and pharmaceutical companies will play an important role in determining its future use.
Conclusions
Drug designing is a very complex, expensive and time consuming process. Both Bioinformatics and Pharmacogenomics provide a huge support to overcome the cost and time context in various ways. Bioinformatics provides wide range of drug-related databases and softwares, which can be used for various purposes, related to drug designing and development process. Likewise, pharmacogenomics provides the genome level information about the variable drug response, which is very important for pharmaceutical companies to design new drug, along with orphan drug, and save already existing drugs. Though, bioinformatics and pharmacogenomics are still in their initial phase and presently facing some hurdles, they show enough potential to help drug development process in near future.
